In this study, analysed using finite element method (FEM) of biomechanical behaviours of human femur model under the different loads. Geomagic and Soldiworks program were used for 3D model human of femur model, and Ansysworkbench was used for finite element analysis (FEA). Compression, tension, bending and torsional loading were applied to 3D human femur model. Femur bone was exhibited that the best stabile behavior under the torsional loading. The reason is due to the bone structure. In contrary to this situation, the femur model under the bending loading type has lowest safety factor due to high stress and deformation. Therefore, type of loading on the femur is crucial for surgical procedure and rehabilitation approaches.
Introduction
Biomechanics, investigates any organism's functions, and behaviors under different conditions interaction with artificial systems such as implants or prostheses, is a science. In today, biomechanics is conducted to parallel as with engineering science, and it is applied to in many parts of the human body. Biomechanics discipline is very important in many processes such as detection and diagnosis, surgical applications, orthoticprosthetic applications, pre and post rehabilitative applications and pre surgical planning.
Modeling of biomechanical using the FEA may be useful for validation of experimental or analytical results and considered as a reliable tool to develop of new surgical techniques. Many studies using FEA in literature. Atmaca et al. [1] presented a study was to analyze the loading on the tibial articular cartilage following medial meniscectomy performed in various location and extent in the healthy knee, using FEA on the solid models. Inal et al. [2] conducted to examine and compare the pertrochanteric fixator (PTF) and dynamic hip screw (DHS) using FEA. Arif et al. [3] determined whether there are differences between fatique behaviours of different materials for schanz screws when they are used for intertrochanteric femoral fracture fixation. Atmaca et al. [4] evaluated whether the proximal tibial open wedge osteotomy (PTO) can achieve decreased stress-bearing on the tibia and tarsal bones in addition to correcting the mechanical axis of the lower limb in patients with tibia vara using finite element method. Bessho et al.
[5] performed a simulation model that could accurately predict the strength and surface strains of the proximal femur using a CT-based finite element method. Ota et al.
[6] simulated a fracture procedure using FEM and to assess its usefulness. Sowmianarayanan et al. [7] presented the biomechanical behaviour of the femur with three different implant shapes for simple transverse subtrochanteric fracture and the undamaged femur using FEA. Yu et al. [8] investigated the fracture mechanism and stress distributions for proximal femur under the impact forces. Senalp et al. [9] performed the fatigue behavior of stem shapes using FEA. Kayabaşı et al. [10] investigated the static dynamic and fatigue behaviors of the implant. Kayabasi et al. [11] investigated the behavior of newly designed implants load under the body weight.
In this study, analysed using FEM the biomechanical behaviours of human femur model under the different loads such as compression, tension, bending and torsional.
Computer Aided Modelling and Analysis
The human femoral model was scanned using 3D scanner and point cloud was obtained. After that, IGES format was obtained using point cloud data by Geomagic Studio 10 program. 3D model of human femur was created using this IGES format in SolidWorks program as seen in Figure 1 . Medullary cavity of 3D human femur model was created using SolidWorks program. The computer aided analyses were performed using AnsysWorkbench software. The 3D CAD models were imported into the AnsysWorkbench software to prepare the FEA. Load, boundary conditions and material models were defined in AnsysWorkbench. Figure 3 . The mechanical properties femur model was given in Table 1 . After the loading and the boundary conditions, the biomechanical properties of the materials were identified and FEA simulations were solved. 
Results
After entering the loading and boundary conditions, FEA analyses were solved. Von-Mises stress values occurred in femur was seen in Figure 4 . While the highest stress and deformation have occurred in bending loading type (172 MPa and 38.125 mm), the lowest stress and deformation (0.92 MPa and 0.04 mm) have occurred in torsional loading type as seen in Table 2 . So, the bending loading type has lowest safety factor as 0.77. 
Conclusions
In this study, we analysed using finite element method of biomechanical behaviours of human femur model under the different loads. Femur bone was exhibited that the best stabile behavior under the torsional loading. The reason is due to the bone structure. On the contrary to this situation, the femur model under the bending loading type has lowest safety factor due to high stress and deformation and this data very important for post-op rehabilitation period. Therefore, type of loading on the femur is crucial for surgical procedure and rehabilitation approaches. The force was applied to only femur head whereas there are many muscle forces. In addition to this situation, material properties of femur bone were considered as linear elastic material model. 
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